Abstract-This paper presents the concept of overall power system reliability evaluation using an educational test system. The paper extends an existing test system by developing the necessary distribution and subtransmission networks. The extended test system has all the main facilities, such as generation, switching stations, transmission, sub transmission and radial distribution networks found in a practical system. The test system, is however, sufficiently small that students can analyze it using hand calculations or by developing small computer programs to fully understand the reliability models and evaluation techniques. Overall power system reliability evaluation is concerned with providing acceptable customer service. This is an important concern in today's electric utility environment. This should therefore be an essential element in teaching power system reliability evaluation at either the graduate or undergraduate level. The extended test system presented in this paper and the concepts presented assist in satisfying this requirement.
The basic data for performing reliability evaluation of the generation system (hierarchical level one, HLI) and for the composite generation and transmission system (hierarchical level 2, HLII) are provided in [3, 4] . Reference 5 provides distribution network data at buses 2 and 4. This paper extends the distribution system data and presents the basic indices, and necessary data to conduct overall system reliability (hierarchical level 3, HLIII).
HLIII reliability evaluation includes all the segments of an electric power system in an overall assessment of actual consumer load point reliability. The primary reliability indices at HLIII are the expected failure rate h, the average duration of failure r, and the annual unavailability U, at the customer load points [ 11. Individual customer indices can also be aggregated with the number of customers at each load point to obtain HLIII system reliability indices. These indices are the system average interruption frequency index (SAIFI), the system average interruption duration index (SAIDI), the customer average interruption duration index (CAIDI) and the average service availability index (ASAI). The customer load point indices, SAIFI, SAIDI, CAIDI and ASAI are performance parameters obtained from historical event reporting. Many electric power utilities throughout the world compile these statistics on individual feeders, segments of the system, and on the entire system. This paper illustrates how similar indices can be predicted and provides an overall test system which can be used in a graduate or undergraduate setting to illustrate the calculation of these indices.
II. DESCRIPTION OF THE TEST SYSTEM
The RBTS is a 6 bus test system with five load buses (bus2-bus6). The RBTS has eleven generators and nine transmission lines. The installed capacity is 240 MW and the peak load of the system is 185 MW. This system has five voltage levels, 230 kV, 138 kV, 33 kV, and 11 kV. The existing system has been extended by developing additional distribution and sub station facilities. The overall system is shown in Figure 1 .
III. DEVELOPMENT OF DISTRIBUTION
NETWORKS AT BUSES 3.5 AND 6.
The distribution network at bus 3 of the RBTS represents a typical industrial and large user distribution system with a 0885-8950/96/$05.00 0 1996 IEEE Table 1 and the lengths of the feeder sections are presented in Table 2 .
The design of these distribution networks follow general utility principles and practices regarding topology, ratings and loading levels [6] . The developed sub stations for these distribution networks are as shown in Figure 1 . The failure rates and repair durations of the various 'distribution components such as transformers, breakers, busbars, and feeder sections follows the same data presented in [5] .
A wide range of reliability indices can be calculated for the radial distribution networks at buses 3,5 and 6. These are both load point and system indices. Load point indices include failure rate (A), outage time (r), annual unavailability (U) and ene:rgy not supplied (E). Load point indices for selected load points at buses 3, 5 and 6 are presented in Tables 3, 4 and 5. System indices include SAIH, SAIDI, CAIDI, ASAI and provide a relative measure for a group of load points or for the entire distribution system. The basic system indices for the distribution systems at buses 3, 5 and 6 are presented in Table 6 . Reference 1 illustrates the reliability effects of a range of distribution design modifications using a simple single feeder. The distribution systems shown in Figures 2,3 and 4 provide a base for student evaluation of similar sensitivity analysis.
IV. RELIABILITY ASSESSMENT AT HLIII
Overall (HLIII) power system reliability is concerned with assessment at the actual customer level. Customer satisfaction is an important concern in today's electric power utility environment. This requirement should be incorporated in both graduate and undergraduate lecture courses dealing with power system rehability evaluation.
HLIII assessment incorporates the three functional zones of generation, transmission and distribution in the analysis. The HLIII reliability assessment presented in this paper includes the independent outages of generating units, transmission lines, outages due to station originated failures, sub-transmission and radial distribution element failures. The method used is summarized in the three steps given below:
1. The probability, expected frequency and duration of each contingency at HLII that leads to load curtailment for each system bus are obtained. The contingencies considered include outages up to: four generation units, three transmission lines, two lines with one generator and two generators with one line. All outages due to station related failures and the isolation of load buses due to station failures are also considered. If the contingency results in load curtailment, a basic question is then how would the electric utility distribute this interrupted load among its customers. It is obvious that different power utilities will take different actions based on their experience, judgment and other criteria. The method used in this paper assumes that load is curtailed proportionately across all the customers For each contmgencyj that leads to load curtailment of LE at Bus k, the ratio of L to bus peak load is determined. The failure probability and failure frequency at each bus k are modified using this ratio. The failure probability and frequency due to an isolation case is not modified as the isolation affects all the customers. 2. At the sub transmission system level, the impact of all outages is obtained in terms of average failure rate J kJ and average annual outage time at each distribution system supply point. 3. At the radial distribution level, the effects due to outages of system components such as primary main/laterals/low voltage transformers, etc. are considered.
The HLIII indices for the RBTS were obtained using the above described approach and a seven step load model. The HLIII indices can be obtained for all the load points in a system. HLILI load point indices for selected load points at the buses 2,3,4,5 and 6 are shown in Tables 7 to 11 . Tables 7 to 11 also present the percentage contribution from distribution failures to the overall load point unavailability. The distribution facilities include the sub transmission and radial systems. It is also possible to obtain the percentage contribution of various segments of a system to the load point HLIII indices. Consider load point 19 at bus 3. The contributions from various segments to the overall unavailability is shown in Figure 5 . HLIII system indices can be obtained for individual feeders, groups of feeders and for the entire system. The system indices for buses 2 to 6 are presented in Table 12 . This table also presents the HLIII system indices for the entire RBTS. Table 13 shows the percentage contribution of distribution system failures to the overall system indices of SAIFI and SAIDI. It can be seen from this table that distribution failures contribute significantly to the overall reliability indices.
A wide range of studies can be conducted using the test system described in this paper. It is possible to identify how different facilities, such as generation, transmission, switching stations, sub transmission, and radial distribution systems influence the overall indices. A wide range of investigations can be carried out on suitable designs of different facilities, As an example, a switching station design can influence the reliability indices at more than one bus [6] .
The overall implications of design changes such as this can be used to select a suitable station configurauon. The ability to perform HLIII reliability evaluation provides the opportunity to investigate the effect of generation and transmission reinforcements on actual load point adequacy.
The effect on the overall HILI11 indices of various distribution system operational practices [6] , such as providing alternate supply and protective devices [7, 8] can also be studied. V. CONCLUSIONS This paper presents a basic electric power system network which can be used in teaching overall power system reliability assessment. The paper extends the basic system described in [3,4,5] and introduces the concept of overall assessment, which deals with actual customer levels of service. This is an important requirement in today's changing utility environment and one that should be stressed in teaching reliability concepts.
